Introduction
Most studies of thermal transfer through realistic atmospheres consider water vapor absorption of visible radiation to be negligible. In general, the attenuation caused by scattering dominates that which is due to absorption.
However, a transmittance of 0.861 through 1 cm of precipitable water vapor is not truly negligible. An atmospheric path of 1 km at 20'C with a relative humidity of 58% would have an absolute humidity of 10 g/m 3 , or 1 cm of precipitable water vapor. According to the tables of Larmorel, which were reproduced in the first edition of the Handbook of Geophysics 2 , these atmospheric parameters result in an absorption coefficient of 0.139/km at a wavelength of 0.5 A.
The water vapor absorption table used above extends over wavelengths from 0.2 g to 7.0 g. Passman and Larmore 3 corrected the transmittances in the spectral region from 1. 4 -yu to 5.9-A wavelength to conform with the experimental measurements of Howard et al. 4 It does not seem that the transmittances at wavelengths less than 1.3 /u have been subjected to critical comparison, yet this simple illustration indicates a greater atmospheric opacity than has been observed.
A brief literature search indicated that there has been no qualitative investigation of the absolute absorption of visible radiation by water vapor since Fowle.Y Even today, his experimental data is quite unique. Therefore, the data of Fowle are used as the basic data for redetermining the water vapor error function absorption coefficients for visible radiation.
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Best Estimate Spectral Transmission
In the summary of his experimental data, Fowle 5 included spectral transmissions for "dry (dust free) air" through 1 cm of precipitable water vapor. More recently, Taylor and Yates 6 published spectral transmissions through hazy atmospheres. The most transparent path, that of 0.31 km (1000 ft), contained 0.11 cm of precipitable water vapor. This transmittance cannot be compared directly with that of Fowle because of the difference in the water vapor content of the optical path. However, the data of Taylor and Yates do indicate some wavelength discrepancies regarding the location of absorption bands. It may be presumed that in four decades more sophisticated techniques in wavelength calibration have resulted in more precise location of the absorption bands. Therefore, a spectral transmission curve for 1 cm of precipitable water vapor was drawn to conform with Fowle's data in magnitude of absorptivity, and tempered with the Though Fowle mentions scattering by air molecules in connection with his water vapor transmissions, Middleton 7 indicates that Fowle's data prove the almost universally accepted X-4 law. Therefore, the attenuation due to Rayleigh (molecular) scattering must be removed if only the spectral absorption of water vapor is desired.
The spectral transmission resulting from Rayleigh scattering and ozone absorption through a 1-km path is shown in Fig. 2 with the inferred spectral transmission 
Error Function Absorption Coefficients for Water Vapor
Following the procedure employed by Larmorel, new error function absorption coefficients were determined from the relationship (1) where T is the transmittance through a 1-km path, w is the water vapor content, and f is the error function absorption coefficient. The water vapor content is expressed in terms of the depth of precipitable water vapor in centimeters in the optical path.
The resulting error function absorption coefficients are tabulated in Table I . These coefficients are used to compute spectral transmissions (see Table II ) as a function of the precipitable water vapor in an optical path of 1 km.
Computed Spectral Transmissions
Spectral attenuation through realistic atmospheres results from scattering by aerosols and absorption by atmospheric gases. In the spectral region from 0.
5 -A to 1 . 3 -bt wavelength, the major gaseous absorber (at sea level) is water vapor; there is no significant carbon dioxide or ozone absorption. Therefore, the propitiousness of the revised water vapor error function absorption coefficients may be indicated by employing them in computations of spectral transmissions and comparing the results with the experimental transmissions of Taylor and Yates. 6 In order to compute (Fig. 1 ).
----ozone absorption. ---Rayleigh scattering. ---best estimate. Fig. 3 . Because the resolution of the computed spectral transmissions is considerably less than that of the measured spectral transmissions, the latter must be degraded to approximately the resolution of the computations. The solid, heavy curves of Fig. 4 represent the degraded spectral transmission depicted by the solid, light curves. These latter curves have been copied from Taylor and Yates. 6 The data points with the dashed curves represent computed transmissions for continental or maritime hazes as indicated, and these can be compared with the experimental transmissions.
Discussion of Results
Water vapor absorption by visible radiation apparently becomes significant (Fig. 2) at wavelengths longer than 0.4 A. Curcio et al.1 2 indicate that the spectral region below 0.54 A is free of observable absorption structure down to 0.35 u, except for a few weak absorption bands. Their statement may be considered as a justification for the apparent absorption between 0.4 A and 0.54 A, but a more reasonable assumption might be that the apparent absorption in this spectral region is somewhat overestimated. Without confirming or negating evidence, the best estimate transmission still appears reasonable at this time. The comparison of computed spectral transmissions with experimental transmissions is illustrated in Fig. 4 . The primary purpose of Fig. 4 , however, is to illustrate the capabilities of the recalculated error function absorption coefficients in spectral transmission calculations.
The magnitude of the spectral transmission is dictated by the optical density (the product of the attenuation coefficient and the optical path) of the atmospheric path. The concentration of aerosols and water vapor content per unit path length is essentially the same; therefore, the magnitude is determined by the transmission path length. The general slope of the spectral transmissions, inferred from transmissions in the atmospheric windows, is controlled by the type of aerosol distribution. In the examples illustrated in Fig. 4 , the slope of the continental haze tends to be positive with increasing wavelength, whereas the slope for maritime haze tends to be negative.
Consideration of the above properties of spectral transmissions allows an assessment of the over-all shape of the three spectral transmissions in terms of the location and magnitude of the water vapor bands. The discrepancies between the computed and measured transmissions characterized by Transmission A are a consequence of Taylor and Yates 6 using this measured transmission as nonattenuating for determining the absolute transmittance through the longer paths. and that the calculated window transmission is about 97%.
In general, the computed spectral transmissions through continental and maritime hazes for Transmissions B and C tend to enclose the appropriate, measured spectral transmissions. The lack of agreement between the computed and measured transmissions beyond l.1-bt wavelength may possibly be a consequence of a higher concentration of aerosols larger In conclusion, the computed spectral transmissions are considered to be reasonably good approximations of the measured spectral transmissions. To obtain more than a general agreement between the computed and measured spectral transmissions would be to demand a complete description of the pertinent atmospheric parameters and a complete understanding of the parametric relationship between scattering and absorption phenomena in real atmospheres. Therefore, the recalculated water vapor error function absorption coefficients are considered adequate for quantitative calculations of the absorption of visible and near ir radiation by atmospheric water vapor. 
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